Thermodynamic Calculation of a Dual Screw Compressor Based on Experimentally Measured Values Taking Supercharge into Account by Pietsch, A. & Nowotny, S.
Purdue University
Purdue e-Pubs
International Compressor Engineering Conference School of Mechanical Engineering
1990
Thermodynamic Calculation of a Dual Screw
Compressor Based on Experimentally Measured
Values Taking Supercharge into Account
A. Pietsch
VEB Kombinat ILKA Luft-und Kaeltetchnik Dresden
S. Nowotny
VEB Kombinat ILKA Luft-und Kaeltetchnik Dresden
Follow this and additional works at: https://docs.lib.purdue.edu/icec
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Pietsch, A. and Nowotny, S., "Thermodynamic Calculation of a Dual Screw Compressor Based on Experimentally Measured Values
Taking Supercharge into Account" (1990). International Compressor Engineering Conference. Paper 688.
https://docs.lib.purdue.edu/icec/688
THERMODYN~MIC C~LCUL~TION OF A DU~L SCREW COMPRESSOR BASED ON 
eXPERIMENTALLY ME~SURED V~LUES TAKING SUPERCHARGE INTO ~CCOUNT 
A. PIETSCH, S. NOWOTNY 
Ingenieurunternehmen Guft- und K~ltetechnik 
Dresden, German Democratic Republic 
l. INTR9DUCTION 
In the sphere of compressor engineering the screw compressor is 
characterised by an ever growing importance. The screw compressor has 
been used to compress air and gas, but it is increasingly being used as 
refrigerating compressor. Its advantages are a good controlability, high 
ride quality, and a high reliability and duration of life. 
In refrigeration technology the screw compressor has been applied 
in a wide temperature range. ~t high pressure ratios, e.g. in the low 
temperature region the leakage pathes are increasingly responsible for 
the reduced efficiency. By means of the super charge process, i.e. the 
economiser cycle, the energetic efficiency may subs~antielly be increa-
sed. 
2. COMPRESSION PROCESS WITHOUT SUPERCHARGE 
Contrary to the reciprocating compressor the compression chamber 
of which is relatively tight the compression chamber of the screw com-







Fig. 1 - Overview of the different types of gap flow at a screw compres-
sor 
1 - gap flow through the gear path, 2 - gap flow through the 
blow hole, 3 - gap flow through the face path, 4 - gap flow 
through the pheriferal path, f- rotary angle at the main ro-
tor, f(ti - partition angle at the main rotor 
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Fig. 2 - Flow model vallid for gap flow at a screw compressor 
The calculation of the compression process including the discharge phase is solved by taking small rotary steps~f, i.e. a certain number of action angles for each tooth into account. The calculation starts when the suction process is finished, the tooth gap volume had reached its maximum and begins to decrease. For each angle of action the balan-ce of mass for the tooth gap 1 is established (fig. 2). From the fore-going tooth gap f+2r/z the mass of gas +m8 is flowing back through the blow and periferal hole resp. into the !oath gap considered. The mass of gass -m81 is leaving the tooth gap f and flows into the tooth gap 1-2T/z that 1s following. The quantity -mES is leaving the tooth gap ~ as well through the gearing path and flows directly into the suc-tion chamber. 
~11 types of gap flow are considered to take place under real gas conditions and are calculated by using the theory of gas dynamics. 
The quantity of mass which flows during a time interval 4r expressed by the rotary angle of action ~f through the gap having a gap area A is determined by the following equation 
m~'t - A.'T l' 2(h('f) - h( '/! 2T/zJ) /v 
The enthalpy h is calculated according to the thermodynamic condi-tion of the tooth gap 
h - h(t, v) 
In order to calculate the thermodynamic and caloric properties functions can be made use of taking real gas conditions into account which are prepared as subroutines that can be linked into the computer program. 
The actual quantity of mass for a rotary angle of action is deter-mined by means of 
The quantity of mass and the tooth gap volume can be used to calcu-late the specific volume and the thermodynamic properties like pressure and temperature. 
Resulting from the calculation of the thermodynamic process without supercharge we obtain 
- the lapse of pressure 
- the lapse of temperature 
- the alteration of mass. 
By using the mass flow rate - reduced by the sum of gap losses -
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leaving the tooth gap, the refrigerating capacity can be determined. 
00 ~ ffi.4,h 
When the.lapse of pressure is integrated the effective work may be 
calculat.,d. 
The computer-assisted solution of the simple thermodynamic process 
is described in /1/. 
2. T~KING SUPER CH~RGE INTO CONSIDER~TION 
fig,3 shows the refrigerating cycle of a screw compressor with super-




fig. 3 - Refrigerating cycle of a screw compressor with supercharge and 
the appropriate lg p,h~diagram 
The main mass flow rate mHE which comes from the condenser is cooled 
at the economiser from the temperature tF. to that of tAfl" This 
will result in a higher refrigerating capaci~y achieved at the evapo-
rator. 
The subcooling of the main mass flow rate results from the evaporator 
of the supercharge mass flow rate mE that apears at the economiser. 
The improvement of the refrigerating capacity resulting from the pro-
cess of supercharge is all the better the lower the evaporating tempe-
rature of the process of supercharge is, and the greater the ratio of 
the supercharge mass flow rate divided by the main mass flow rate resp. 
becomes. 
oo~ mE 
--tV 0o mHE 
Compared with /2/ all the calculations and experimental results ob-
tained were carried out for a supercharge opening which allows to achie-
ve a maximum effect by the supercharge (the opening is situated at the 
transport phase of the female rotor /3/. 
from a higher supercharge capacity, i.e. from a higher supercharge 
mass flow rate an additional growth of the driving power will result. 
In order to deside upon an effective use of an economiser it would be 
desirable to estimate in advance the yields in the effectifity of the 
supercharge process. 
The greater the difference in pressure between the evaporating pres-
sure at the economiser p and the suction pressure p at the screw 
compressor becomes, all ~~e better the ability of the0 screw compressor 
will be to process the evaporating supercharge mass flow rate of the 
refrigerant. 
Based on experimental studies the following correlations were ob-
tained: • 
The supercharge volume flow rate VE is a function of the difference 
in evaporating pressure within the economiser and the suction pressure 
46 
of the compressor expressed by means of the saturation temperature 
.dt ~ t - t oE o 
The reduction in the volumetric efficiency by means of the supercharge may as well be expressed as a function df the difference in temperatu-re 4t 
'i\ ~ f(4t} 
The difference in temperature dt is itself a function of the difference in pressure between the condenser pressure and the evaporator pressure 
.dp ~ p - Po 
at the compressor and the evaporator resp. 
dt = f (,4p. t 0 } 
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Fig. 4 - Difference in temperature ~t versus .dp and t
0 
from fig. 4 we learn that the difference in temperature is increa-sing with the growing pressure difference of the system and with the decrease in evaporating temperature. 
The influence of the temperature difference 4t on the factor in-fluencing the supercharge mass flow rate is demonstrated in fig. 5. 
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Fig. 5 - Factor influencing the mass flow rate of supercharge, FE=F(dt) 
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These data make it possible to calculate the supercharge performance. 
The mass flow rate m results from the calculation carried out with-
out taking supercharge into account. Taking reduction of the volumetric 
efficiency into consideration we get 
111HE ~ ni ·A 
the main mass flow rate under supercharge conditions. 
The supercharge performance is the refrigerating capacity resulting 
from the evaporation of the supercharge mass flow rate within the ecc-
nomiser. 0oE"' mE(hE - h3) 
hE "' h(TchE, vE) 
tohE= At .. t + .dtohE 0 
The total refrigerating capacity under supercharge conditions results 
from 
The increase in the driving power under supercharge can approximately 
he calculated by taking the supercharge mass flow rate into considera-
tion 
Figures 6 and 7 show the factors increasing refrigerating capacity and 
COP by means of supercharge. 
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Fig. 6 - Factor F 0 A increasing 
refrigerat1ng capacity 
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Fig. 7 - Factor F e0 A increasing COP 
The supercharge process results in an increase of the gap pressure 
that leads to increased forces in bearings at idle motion. 
By means of a simulation program /1/ and by using the supercharge 
pressure using equation pE = p(t E) the lapse in pressure and the in-
creased bearing forces may be ca~culated. 
Fig. 8 shows with respect to the male rotor the influence of the 
supercharge on the bearing forces. 
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male nJfqrf r47mm - ~'onamt~er 
I¥)1Cr tcnrpt't 7111 mtn - ~lil'rt:~~.~t Eca. 
Fig. 8 - Bearing forces of the male rotor with and without supercharge FAX - axial force 
FR~ - radial force of the bearing situated on the pressure 
side 
FRB - radial force of the bearing situated on the suction side 
3. CONCLUSION 
The process of the thermodynamic calculation of a screw compressor has been improved by the determination of the refrigerating capacity re-sulting from supercharge and the driving power taking generalised expe-rimental results into consideration. This method has made it possible to determine in advance for any individual refrigerating screw compres-sor and any working condition the refrigerating capacity resulting from supercharge, and the driving power that may occur within the limitations shown in Fig. 4. 
The deviations that may occur between calculation and measurements will be in the order of 5 to 10 per cent. 
The process of supercharge during compression results in an increa-se of the pressure gap during compression. This again leads to higher bearing forces. According to Fig. 8 the bearing forces increase in the order of 5 to 15 per cent. 
Nomenclature 
Gap area 
Mass flow rate without supercharge 
Main mass flow rate taking supercharge into account Supercharge mass flow rate 
Goss resulting from blowing hole 
Loss through gearing blowing hole 
Supercharge volume flow rate 





Evaporating temperature within the economiser Condensing temperature 
Super heat temperature at the economiser Driving power without using an economiser 
Driving power taking the economiser process into account Refrigerating capacity with supercharge Refrigerating capacity at the economiser 
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